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(54) REMEDY AND PREVENTIVE FOR DISEASES CAUSED BY NF-$9(k)B 

(57) Administration of a decoy. i.e. a compound 
which specifically antagonizes the nucleic acid domain 
to which NF-kB is bound, is ^ective in the treatment 
and prevention of diseases caused by the transcrip- 
tional regulatory factor NF-kB. such as ischemic dis- 
eases, inflammatory diseases, autoinvnune diseases, 
cancer metastasis and invask)n, and cachexia 
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DescripH n 

TFnHNICAL FIELD 

5 T^epresentiovemionrelaleslolhepreverilionandtreatmentolvar^ 

Known to be a regulatory factor in the transcription of cytokines and adhes«n factors, ^o;* Part««la^^ 

relates to an NF-kB decoy, a composition comprising said decoy for the therapy and prophylaxis of NF-xB-associated 

diseases, and a method lor said therapy and prophylaxis. 

10 RAnKfiROlJIMDAPrr 

A variety Of diseases including asthma, cancers, heart diseases, autoimmune diseases, and viral infections marii- 
fest varying synptoms and signs and yet tt has been suggested that either an overexpression or ""der^pr^onrt 
one or a ten proteins is a m^jor etiologic factor in many cases. Moreover, a variety of transajpbonal regulatonr fadore 
such as transcription activatore and transcription inhibitors are involved in the expression of proteins. NF-icB a sub- 
stance to be one of such transcripliorial regulatory factors, is a heterod^^ 

plasm NF-kB is usually present as substance binding with IkB. an inhiWtton factor, and thereby prevented from 
^grating into the nucleus. Hov^ever. when cen is stimulated by cytoWne8.i8chem^^^ 
iKBfeplLphorylated and decomposed so that the I^-kB is activated andpenetrat«^^^ 
itself totheNF-KB binding site of the chromosome and then promotes transCTiption of the genelorated 

The gene controlled by NF-kB includes cytokines such as IL-1. 11-6. IL-8. ete. and adhesron factors such as VCAI*1. 

ICAM-1. eto... 



IS 



20 



25 



30 



35 



40 



45 



SO 



rH.t?nLQSUREnFTHF INVENTION 

Predicting that stimulation of the production of those cytokines and a*esion factors is causative of wrlous morbid- 
ities such as ischemic diseases, inflammatory diseases, autoimmune diseases, cancer metastasis and ^^^^ 
cachexia, the inventors of this invention did much research and found that H is a rewarding ^^f.f^"*'^ ^rM* to aip- 
press expression of those genes which are activated by NF-kB by administenng a decoy of the NF-kB binding srte 
chrom^me. that is to say a compound which specHically antagonizes the binding sfte of chromosome to which NF-kB 
is conjugated. The present invention has been developed on the basis of the above finding. 

The present invention, therefore, provides a pharmaceutical composition compr^ing an NF^ec^ ^It^^ 
ingredient for the therapy and prophylaxis of various NF-KB-associated diseases and a method for said therapy and 

""''riSeases in which the therapeuBc^hylactic composition of the invention is indicated are NF-KB-associated 
diseases that is to say diseases caused by the unwanted activation of genes under control of the transcnptional regu- 
latory fartof NF-kB. and among such diseases can be reckoned ischemic diseases, inflammatory automfj- 
mune diseases, cancer metastasis and invasfon. and cachexia. The ischemic disease includes ischemic diseases of 
organs (e.g. ischemic heart diseases such as myocaidial infarctfon. acute heart failure, chronic h^ failure, ete., 
ischemic brain diseases such as cerebral infarction, and ischemic lung diseases such as palmonary infarcton). aggra- 
vation of the prognosis of organ transplantatfon or organ surgery {e.g. aggravation of the prognose of heart transplan- 
tatfon. cardiac Kirgery. kidney transplantatfon. renal surgery. Bver transplantation.' hepabc surgery, bom marrow 
transplantatfon. skin grafting, corneal transplantatfon. and lung transplantation), repertision disorders, and POS^fJCA 
restenosis. The inflammatory disease menlfonedaboveinckidesvariousinflammatory 

atHis arthritis, eto.. acute renal failure, chronte renal faiure. and arteriosclerosis, among other disease. The a"*™"- 
mune disease menttoned above includes but is not limited to rheumatism, multiple sderoste. and ►^shimoWs 
thyroidHis Partteulariy the phannaceuBcal composition containing the NF-kB decoy according to the present hventon 
Jan active ingredient is very suited for the therapy and prophylaxis of repeifusion disorders in ischemic diseas^ 
aggravation of the prognosis of organ transplantation or organ surgery. post-PTCA restenosis, cancer metastasis and 

invasfon. and cachexia su* as weight loss tolowing the onset of a cancer. 

The NF-kB decoy that can be used in the present invenlion may be any compound that speahcally antagonize 

NF-kB binding site of the chromosome and includes but is not limHed to nucleic ackJs and Iheir anatogs. As preferred 
examples of said NF-kB decoy, there can be mentioned oligonucleolides containing the nucleotide sequence of 
QGQArrTCCC (the sequence from the 8th through the 17th nucleotides from the S'-end of SEQ ID N0:1 in Sequence 
Listing) or its conplementary sequence, muteins thereof, and compounds containing any of them wrthin the molecule. 
Thedigonucleolides may be DNAsor RNAs. and may contain modHied nucleotides and/or pseudonucleobdes. Further- 
more. tLe oligonudeotides. varbntsthereol. or compounds containing any of them n^ 
stranded and linear or cycBc. The variants are those involving mutations such as sitstitution. additon andtor deletKxi 
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^^^r.tM^ epnupnce and mean nucleic adds specifically antagonizing the binding site of chro- 

group cairying no electric charge tor the phosphoric diester moiety. »^v„^.Kom 
^egalgtoalechnology for produdng the NF-kB decoy for use in the preserti^renl.^^^ 

ical orSS^^^^ods to sy^hesis can be utifeed. V^^ 

dtSTmethods for nud^c add synthesis which are commonly us^ in genetc engjn^g ^ ^^^^ J^ 
««moi« <ha obiediva decoy ofiaonudeotide can be directly synthesized on a DNA synthesizer. Or a nuclac acn at ns 
ZSSs^SS^S^. can be amplrfled by PGR or using a cloning vector or the like- Furtherrnwe. 
fragments, ea* ^y™^^,^™!"^ . «ocedures as cleavage with restriction enzymes or the like and/or 

■""^{iS Dham«ceutical conposHion containing the NF-kB decoy as an active ingredient ao»r^g to the pr««rrt 
i^JJ^^^Sedfn tornonly H the active ingredient may be taken up by the cells in the affected site or the cells 
tST W-kB dLy. either alone or in admixture with the common pharmaceutical earner can 
T^^^^m^Z^^ or externally. The pharmaceutical composition may be provided in hquri 
5:^^ In^fuSSSC.sio!s. syrups. l^»somes. tolions. etc or in solid '"^'^ ^f^^ ^^^J 
Ss r^ei and capsules. Where necessary, those pharmaceutical composftons m^be sWe«»ertedw*. 
SvjS«S2%lize,B. lubricants, and/or rt^ 

Sn^SSiTS. stLic acid, magneshim stearate. terra alba. sucn»e. com stamh. talc, gebtin. agar. pecHn. 

fofm^ZXr^^^e generally used in gene therapy, such as liposomes inclusive of membrane ftis«n l.po- 
SmJs^wl^^rus Ji liposanes utilizing endocytosis. preparations '"Ptf "J^^ 

fSiTe S oriental) or^rosomes utilizing a retrovims vector, adenovirus vector, or the like Particulariy 

^^^^s^TcirS^S^'^roSrira^onmaybeanyolala^^^ 

„^ immA »nH a «naii unilainellar vesicle (SUV). The approximate size o1 vesides may range from 200 to 1000 nmlor 
lyS'^tSSltoSS aSS o50n 

^o^:CS^illn:Sce. MLV wim a vesicuter system ol 200-1000 nm in d«me,er is preteraWy 

is no limitation on the technology for nposome produdton only H the decoy can be successfully entrapped in 
vesicrTiiTSJ^mrcLn be m^factTed ^ 

r^^m^SSta^ et al: Biochim. Biophys. Acta. Vol. 601 559 (1980)). ether .^ecfion )^ 
yS as.. Ow. 308 250 (1978)). and suriactant method (Brunner. J., et al: Biochim. Biophys. Acta. Vbl. 455 

" iS'fS'SSc.lnfl a l^x^omal structure u^udes phosphorus, chdesterol and «s de^ 

rfZSds sudi as dicetyl phosphate, distearoylphosphatidylcholine. dipalmrtoylphosphabdyteholine. 
d^LKKSw^n^ar^^f^^^^ deos.earcy»*to6phaBdylcholin^ deostearoy^ 

a pcSlSii^gS^tomic grTup such as ethanolamlne or choline within the molecule, the Ijinding rate o» an elecfri- 
^tSTSnSieotL cSnbe enhanced, in additiontotheprind^ 
SSandSerh«tives,stearylair<ne. -tocopherol. elc.,whicharekn^ 

rSSSXo";^ can be added a membrane fu.on promoter such as Sendai ^-MnacJ^^Send^ 
viruZarTe^raneliSpK-mrtingprolein^^^ 

assisting in the intraceBular urtake by the ceHs at the aflecled site or ol *e Jarget jissua ^^-men- 
AZical procedure for the production of pharmaceutical fposomes is now descnbed n J^e abwer^ 
«on^Kme5^substarS» as we« as chdesterol or the like is dissolved in 
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drofuma chtoroform. elhanol. orihe lika in asuilableve^e^^^^^ 
afam of the liposome-toming substance on the Inside waO of lhe«8sel.TTien.a 
added and the mixtur is stirred. After optional addition of sari membrane Pronwte^ fte l^oso^ 
SeltoosomeslnwhichtheNF-KBdecoyhasthusbeenentrappedar suspended in a suitable medium or aj^ltej 
, ttSeSTSUed in a suitable medium for use in therapy. The membrane fusion promoter may be added in th 
irterim period after isolation of the Bposonws and before usa 

There is no limitation on th decoy content f the pharmaceutical composHion containing the NF-xBdec^ as an 
acliv?iSSiSor*7tf the decoy feoontained in amounts effective to control NF-KB-assodated *se^Thi«. the 
S ^ri ran be IfceraBy^ected according to the dfe«^^ 

" "^^^^e^LceuticalcompositioncontainingtheNF-xBdecoyasanacBveingr^^^ 

ner can be adminislered by «rious methods accordhg to the type of disease and the kind of decoy conteined. Taking 
S^^ic diSSjnflammatory diseases, autoimmune diseases, cancer meta^sis or 'r^."!: jrif^SlI^ ' 
S^es. the con^silion can be infusedintravascularty, applied directly to the aflec^ area. "J^JJ '"^^^^ 
SStered* the regional, wood vessel in the affected regkx,. AS ^ 

formed tor infarction of an organ, the phamiaceutical composition can be administered into the locd Wood vessa con 
5S^SS^2ion « p^. aiSi postoperatively. For organ transplantation, the giaft '^e''^^" ^e^ir^ 
S2SL,theco^itionof*einvenlk)n.Furthem»re.inthe^^ 

sition can be directly injected into the joint m^^^^ 

The dosaqe of the NF-kB decoy is selected with reference to the patlenTs age and other factors, type of deease. 
the Wnd of decoy used, eta but for intravascular, intramus^^^^ 
of 10-10.000 nmoles can generally be administered once to a few times daily. 
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The following examples are intended to describe the present invention In further detail. 
Example 1 

30 Synthesis of an NF-kB decoy (decoy ofigonudeotide) 

OnaDNAsynthesizer.anNF-KB decoy Oligonucleotide andascra^ 
having the same^e composition as the NF-kB decoy oligonucleotide but a random^ed sequence), the^nudeo^ 
sZl^L of Which are^n below, were respectively synthesized from S-ofigonudeotries. Those ^^^J^ 
h^ at 80-C for 30 minutes and then allowed to cool to room temperature over 2 hours to provide douWe^ianded 
DNAs. 



35 



NF-kB decoy oligonucleotide 

CCTTGAAGGGATTTCCCTCC 
GGAACTTCCCTAAAGGGAQQ 

Scrambled decoy ofigonudeotide 

TTGCCQTACCTQACTTAQCC 
AACGGCATGQACTGAATCGG 



Example 2 
so Production of Bposomal preparations 
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Phosphatidylserine. phosphatidylcholine, and chdeslerol. provided h a weight ratio ^ ^^f^^'^l^^l 
were in telrahy^mn. using a rotary evaporator, the tetralvtoo^^ 

Lethe lipid in the form ofafilm adherent to the flask wall. TO this was added 200 ml of sa8ne(^^^^^^ 

54mM KCI lOmM Tris-HCI. pH7.6) containing the NF-kB decoy oligonucleotide (0.7 mg) prepared in Example 1 and 
S;J^*i«waVSrred and sLcatU under the usual conditions to pro^^ 
5?.3S^UucleotidaThissuspensk« Of liposome 
Sendai.rin«(Zstein. 10000 hemaglutinating units) ex^ 
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tie shaWng at 37-0 tor 30 minutes. A«er the ^^.^"^^^^S^^^^^ to provide a 
gracr.e,««n.rifc«a«on^era.o^l^^^^^^^ 

Examples 

A reperf usion model experiment 
(1) Method 

fusion, immediately therealter. ^-S^lfrat o»*ie lij^om^ ^ ^ 

subjected to image analysis. The infarcted area was calculated by means ol the Wtowng equanoa 

Infarction rate (%) = the sum of infarct areas of 6 sectionsrthe sum of areas of 6 sections x 1 00 
Statistical analysis was made by multiple comparison (ANOVA). 
(2) Results 
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Table 1 






NF-kB decoy nucleotide 


Scrannbled decoy group 


Untreated group 




group 






Myocaitlial infarct area/total area 


19 2% 


28 1% 


28 1% 



Asin^lar inhibitory ef«ectv«s1oundv*en the liposomes were administered im^^^ 
tion. 

45 Example ^ 

Inhibition ol cancer metastasis 

(1) Method 

To7week^ldfemalemiceoftheC57BU6strainJx10*murinereticulumcellsarcomak^^^^ 
terJ^::r^re4ho^.ater0.an.(enn^^ 

as Exarfple 2 was '^^'i;^!^;^^ aSt number of tumor nodules on the sur- 

14 after intravenous adrrinistralion rt „^ consisted of 10 mice. For statistical anal- 

ss face of the liver was counted under the stereoscopic microscopft Ea«i jproup consisiw o 
yses Knjskal-Wallis test and Dunnett's multiple companson were used. 
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(2) Results 



10 



Example 5 
Inhtoition of cachexia 

(1) Method 



using 7-weeKK,H .ale BALB^c .ice. a 2 "™ -j^^^,^^^ "SZ^T^^e I^^S 
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Tumor weight (mg) = major diameter x minor diameter 
Eachgroupconsistedo.10 mice. Statistical analysesweremadebyA^^^ 



tiple comparison. 
25 (2) Results 
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,„ me tumor^earing group, growm a, .he tumor resufted l-'O™''-^^^^--^^ ^"t^uvTmiTw^e 
we-^ht. gastrocnemius musde weight and ^^I'J^^.ja^J^SjJ'^ 



on tumor weight. 



35 



40 



45 



50 



55 



6 



10 



IS 



20 



25 



30 



40 



45 



SO 



55 



EP 0 824 918 A1 

Sequence Listing 
(1) SEQ ID H0:1 
(i) SEQUENCE CHABACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double-stranded 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: synthetic DNA 

(iii) SEQUENCE: SEQ ID N0:1 
CCTTGAAGGG ATTTCCCTCC 

(1) SEQ ID NO: 2 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double-Stranded 

(D) TOPOLOGY; linear 
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(ii) MOLECULE TYPE: synthetic DNA 

(iii) SEQUENCE: SEQ ID NO: 2 
TTGCCGTACC TGACTTAGCC 
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Claims 

1. Aphannaceulicalconp(«itk,nlorlhetherapyandprophylaxisoJNF.K^^ 
NF-kB decoy. 

2. The pharmaceiitkalcotnposttten accord^ NF-KB-assodaled disease Is an ischeirtcdis- 
20 ease, an inflammatory dfeease, or an autoimmune diseasa 

3. The pham«ceutical composition according to Claim 1 wt«rein the NF-KB^aled disease is an ischemic dis- 
ease. 



« 4 The Dharmaceutical composition accoiding to Claim 1 wherein the NF-KB-assodated disease is a reperfu^ ds- 
JJerlrSSdS^aggra^tion of the prognosis^ 
PTCA restenosis. 

5 Thepharmaceulicaicompositionaccordingtoaaiml whereintheNF-KB-asso^^^ 
30 I!ieSemic heart tf?Use.agg.avation of the prognosfe 
PTCA restenosis. 

6. The pharmaceutical composition accoriing. to Claim 1 therein .the NF-KB-associated disease Is a cancer metas- 



7 Anucleicaddhavinganudeotidesequencecorrespondingtolhesththrough 
the sequence represented by SEQ ID N0:1 in Sequence listing or a variant thereof. 

8. Thepharmaceuticalcompositionacco.dingtoClaimlv^ereintheNF-KBdeccyisthenucleicac^ 

40 7. 

9. A liposomal ojmposition comprising the NF-kB decoy defined in Claim 7. 

10. Amethod for the therapy and prophylaxisdNF-KB-associaleddisease which «^ 
45 amount Of an NF-kB decoy to a mammal. 

11. The method accorting to aaimlOwhereln the ^IF-KB-as800ia^eddl8ea8el6a^ 
disease, or an autoimmune (fisease. 

so 12. The method accorfng to aalm 10 v^ereinthe NF-KB-assodated disease is an ischemic 

13. ThemethodaccordingtoaaimlOv^erelntheNF-KB-assodateddseaseisareperf^ 

eases, aggravation of the prognosis of an organ transplantation or organ surgery, or posl-PTCA restenosis. 

55 14 The method according to Claim 10 wherein the NF-KB-associated disease is a feperiusiondteo|dw in^^ 
I2S«ses.aggS8tionoftheprognosisofahearttranspl^ 

15. The method according to Claim 10 wherein the NF-KB^«60daled disease is a cancer metastasis or invasion or 
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cachexia. 

16. The method accoriing to Claim 10 wherein the NF-kB decoy is the nucleic add defined in aalm 7. 
5 iz.UseofanNF-KBdecoyforlhetherawandprophylaxteofNF-xB-associateddiseaee. 

18.Theu8eaccoidlngtoClaim17v*erein1heNFMcB-asso«aleddiseaseisanische^^ 
ease, or an autoimmune diseas . 

>o 19. The use according to Oaim 17 wherein the NF-KB^esodated dsease is an ischemic disease. 

20 THe use according to Qaim 17 wherein the NF-KB-associa1ed disease is a repeilusion dteorder in isdiemio dis- 
eS^^^lion of the prognosis d an organ transplantation or organ surgery, or post-PTCA restenosis. 

« 21 The use according to Claim 17 whereh the NF-KB-associaled disease is a reperlusiondiM^^^ 
Te^ SSXnottheprognosisofahearttranspla^^ 

22. The use acco«ling to Claim 17 wherein the NF-KB-associated disease is a cancer metastasis or invasion or 
cachexia. 

23. Theu8eaccofdingtoaaim17whereintheNF.KBdecoyi8thenudelcacldd^^^^ 
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